The analytical technique proposed by MORRISON 1 has been tested on ionization efficiency curves obtained using an unmodified mass spectrometer. Ionization potentials of a series of aromatic amines have been found by this method and have been used to determine the best parameters for use in calculations by the STREITWIESER co-technique.
The ionization potential of a molecule can be determined by measuring its ionization efficiency curve using a mass spectrometer with an electron impact source and comparing the position of this curve on the energy scale with that of the ionization efficiency curve of a molecule of known ionization potential. Because of the energy distribution of electrons derived from a hot filament the observed curves differ from true ionization efficiency curves, and reliable ionization potentials can only be obtained if the true curves of sample and standard have the same shapes. Recent work has shown this is seldom the case and for this reason the electron impact method is less reliable than, for example, molecular photoelectron spectroscopy 2 . A technique which involves mass analysis and in which a wide range of energies can be covered is essential, however, for the determination of appearance potentials of fragment ions and multiply charged ions. It is therefore important to find a less arbitrary method of determining ionization and appearance potentials from electron impact data.
MORRISON 1 has proposed a method whereby the energy resolution of experimental ionization efficiency curves can be improved by analytical reduction of the energy spread. In the present work this method has been tested on data for unfragmented molecules using a conventional mass spectrometer. The results show a considerable improvement over those obtained by application of the usual extrapolation procedures, such as that of LOSSING, TICKNER, 
Experimental
The mass spectrometer used was a double-focussing instrument similar to that described by CRAIG and ERROCK 4 . The ionizing electron beam was derived from a tungsten filament and was collimated by an axial field of about 200 gauss. The precise measurement of the electron accelerating voltage in a source some 4 kV above earth has, in the past, presented some difficulty. In the present work it was found possible to operate a solid-state digital voltmeter (R o b a n d , type RDV 4) at the source potential, the voltmeter being suitably insulated and its mains supply taken from an isolating transformer. This method provides continuous and precise measurement of the accelerating voltage. First derivative ionization efficiency curves were obtained by changing the accelerating voltage in steps of exactly 0.1 volt and recording the resulting changes of ion beam intensity. This method shows an advantage over the arithmetical treatment of the direct curves. The accuracy is lowest in the higher voltage regions of the curve where the change in intensity for unit change in electron energy is only a small fraction of the total beam current. At the lowest ion currents the accuracy is limited by random noise. Because of contact potentials the energy given to the electrons is not necessarily equal to the applied voltage and the energy scale was established in the usual way by reference to the known ionization potentials of standard substances. Measurements were repeated so that drifts in the energy scale could be detected. The largest changes observed were about 0.1 eV, but in most cases no change was found.
The analytical method requires a knowledge of the energy distribution of the electrons. This was derived from the reversed second differential ionization efficiency curve for helium 5 . The observed half-height width was 0.8 to 1.0 eV and there was a small tail on the low energy side. This distribution is typical of normal mass spectrometer sources.
Calculation
If the fraction of the electrons having thermal energies between U and U + AU is designated m(U) and the electron accelerating voltage is V, the observed ionization efficiency curve can be written:
where I(V+U) is the true ionization efficiency. Two methods are available for solving this equation in the case of sampled functions; the iterative unfolding procedure of BURGER and VAN CITTERT 6 and the FOURIER transform method 7 . The experimental data must first be smoothed and MORRISON'S iterative smoothing process 1 has proved very effective. Computer programmes have been written for smoothing the data by this method and for unfolding by each of the techniques mentioned above. The programmes were tested on artificial data and also by unfolding experimental curves for helium. The result of one such test is shown in Fig. 1 in which it can be seen that the energy resolution has been improved by a factor of about two. The increase in resolution is limited by noise in the data and by inaccuracy in the measured electron energy distribution. The iterative method requires less computer time than the FOURIER transform method, and it is easier to incorporate the condition that the true curve I(U+V) is never negative into it. Residual errors appear as short period noise in the solutions, strongest in the high energy region. The FOURIER transform procedure, on the other hand, gives smooth curves in which residual errors of the data produce long period oscillations.
Results
Tests of these methods of reducing the effects of the energy spread of the electrons were made using simple substances whose ionization potentials are well known, and for which good results could also be obtained by extrapolation methods. The results are given in Table 1 , and the effect of the smoothing and unfolding procedures on a typical curve are shown in Fig. 2 Application of extrapolation procedures to electron impact data for aromatic compounds often leads to ionization potentials which are too high by several tenths of an electron volt. This is because ionization at the threshold has a low probability and is overshadowed by more probable processes occurring at higher energies 13 . Aromatic compounds provide, therefore, a more stringent test of the analytical interpretation of ionization efficiency data. The results of preliminary tests on benzene and aniline are shown in Table 1 ; these values are closer to the accepted ionization potentials than are those obtained by conventional electron impact methods. Application of the FOURIER transform programme to the experimental curves gave less satisfactory results; oscillations near the origin obscured the first steps in the inverse transforms.
To provide a more extensive test of the method more accurate experimental data for five aromatic hydyrocarbons were obtained. This was achieved by measuring the shapes and relative positions of the ionization efficiency curves in separate experiments. Drifts of the energy scale were found to be small when only one substance Avas present, and this made it possible for extended measurements to be carried out with a valuable increase in accuracy. The relative positions of the curves were determined in experiments on mixed gases which were made rapidly to minimise the effects of drifts. Each hydrocarbon was compared with two standards, acetylene and xenon to compensate for the added uncertainty caused by fitting the curves; the difference between the ionization potentials of the two standard gases was also redetermined. Since more than sufficient information to fix the positions of the curves was available the best positions were found by a least-squares treatment. When the curves were unfolded in terms of the energy distribution by the two mathematical methods almost identical smooth curves were obtained. The first ionization potentials derived from these curves are shown in Table 2 , which also shows the results of interpreting the same experimental data by an extrapolation method. In the cases of benzene, naphthalene and biphenyl the agreement with accepted values has been improved considerably by the analytical treatment. For azulene a discrepancy of 0.3 eV still remains, and for biphenylene no previous measurement has been reported. The apparent ionization potentials of these two compounds have not been reduced by the analytical treatment, so it is possible that finer energy resolution is necessary in these cases. 
Compound

Aromatic Amines
The agreement between the results of the two mathematical unfolding procedures for the aromatic hydrocarbons provides some justification for the use of the simpler iterative method. This method was applied to the ionization efficiency curves of a series of aromatic amines, for which published electron im-removal of an electron from the highest occupied molecular orbital; charge densities on each atom are then calculated from the coefficients of the atomic orbitals of the neutral molecule. These charge densities qr are used to modify the a-values of the atoms in the ions by means of the equation:
where nr is the number of electrons contributed to the 7r-system by atom r, and co is a parameter normally given the value of 1.4. The secular matrix for the ion is diagonalised using the new a-values, and the ^-energy of the cation is obtained from the resulting eigenvalues. The cation energy can be refined by further iterations, but this has not been found necessary. The ionization potential is obtained by subtracting the calculated energy of the neutral molecule from that of the cation.
In our calculations the values of a0, ß0 and OJ were those given by STREITWIESER 20 , and the h and k parameters were varied to find the best fit with the experimental results. The values finally chosen were as follows: h^ 1.7, kc$ 1.2, k^e 3.0, A;c_Me 0.7, &N-Me 0.5. The calculated ionization potentials are shown in Table 3 . In order to reproduce our aniline ionization potential of 7.84 eV we use the parameter values = 1-7 and kcx = 1.2. This value for is much higher than the one used by STREITWIESER to reproduce the previous electron impact ionization potential, and it is supported by some recent S.C.F. calculations on aniline 21 .
